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Module No:' 



Approx.. Time:- 
12 - 18 hours 



SUMMARY • 
Module Title: 

Advanped Activated Sludg&J' 



Of 59 
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Topics : 



1. Review - Design and Operation Parameters 

2. - Review - Control Procedures 
. 3. Review - Trend Charts ' 

4. "-Oxjtgen Uptake . - ' • 

5. .Process Control 



Overall Objectives 



Upon completion of this module the student should be. able to .calculate 
^traditional activa'ted sludge process parameters, loading, detention times, 

etc. He should^recogpize modifications to the conventional activated sTudge 
•process and basic fontrol ^thodologies. Trend chart plotting isTevjsed • 
.?nd trend, chart interpretation addressed. . . . 



Instructf onal Aids 

Handbuts 

2. Tran^parancies. 

3. Calculator 



Instructional Approach: 

L ' Lecture ' . 

2. discussion 

3. Exercise - ' 

4. Hands-on 



References: 




1. Recommended Standards, for. Sewage Works. 

2. -Manual of Instruction for' Sewage Plant Operators. 

3. Water Pollution Control, Federation MOP ,,11. A''^^ - 

4. Operational Control Procedures for 'the Activated Sludge ProcesS^'Wrts 
III A, -III fi. • ' ■ - ^ 



.5: 

'6.- 



Operator's Pocket 6uide to Activated Sludge, Parts I%nd. IT$</- ' 
DisstrTved Oxygen Analys-is, Aclrivated Sludge Control, --'f^f^y'. 



Class Assignments: 



1.. Read handouts ^"\3* Plot trend charts 
2: -Solve .problems *^ , '4*, Irvterpret trend charts 



5; .Perform oxygen 
• ♦ uptake test 
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Module Ho: 



Topic: • ^ 
Adv,anced 'Activated SI udge 



Instructor Notes: 



Instructor Out'ilne: 



1, Handouts Should be distributed dls they appear 

' inHhe module., ' 

; ' f 

2, The modules includes lecture, 'in class problem 
solution, trend chart plotting, discussion and 



laboratory exercise* 



3, 12 X ZO division per inch graph paper should 
be.4na?ae available to' the studei^ for trend 
charx plotting, 

. [' ' ^ 

4, The module is most appropriately presented at 
at activated -si duge facility as samples pf 

• process streams^. are needed' for the<xOxygen uptake 
test. An overhead projec^of and screen is 
required, 

5, Intermediate activated sludge is^a prerequisite^' 

6, The equipment necessary, to rpertorm-the o'xygen 
•uptake test^includes: ' J • 

. ' ' ] X - / . ^ ' c 

A. Dissolved oxygen analyzer with BOD bottle 
probe\ 'r^^>^^ 

B. . Magnetic S'tirrer and stigriilg bar.^ 

C. Standard BOD. bottles. ' \ / 



D. '100 cc and. 260. cc graduated cylinders 



E. .Sampling containers; 

F. Centrifuge 



G. Stop watch- or Uimer. . 

Recommended Stan dar^ds. for Sewage Works may be V 
obtained from: (Nprnn^sll charge).- 



Health Education Service 
P. 0. Bbx^7283 / 
Albany, N.-'V. 12224";' 
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Modu.le No: 



Instructor Notes: 



To{)ic: f 
•''AdvSnced Activated Sludge 
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Instructor Outline; 



> 



f 

/ * 



V 



9. 



10. 



Operational Control Procedures for the Activated 
Sludge. Process, Parts III A and III B may be 
Obtained from: ^ 

EnVironment^&l Research Center 

U. S. Environmehtal Protection Agency 

St. Clair St. • ' 

Cincinnati," Ohio 45268 v 

Operators Pocket Guide to Activated Sludge ^ 
Parts I .and II may be ordered -from: » 
(Nominal charge) 

Stevens,' Thompson and Runyon, Inc. 
5505 S. E. Milwaukee Ave. 

Box 022bl- " , . • . 

Portland, Oregon 97202. 

Dissolved Oxygen Analysis, Activated Sludge. ; 
•Control, XT-43'may be obtained from: • / 

Envi'ronmenta-1 Research Center ^ - »• - 
Attn: Eileen Hopewell 

S. Environmental Protection Agency 
26 St. Clair Street 
Cincinnati, Ohio 45268 ' 



11. 



The instructor should if at a=ll possible obtain 
trend charts from students who pre-register 
some days prior to the actual workshop so that . 
the instructor can familiarize himself with the* 
ch\arts and be prepared to lead discussion' 
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Prerequi 



1*7 sites.: 1. 



Activated Sludge Trend Charts 
and oratory Data ^ 

iTitermediate Activarted SludgeP^^ ^ 
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Nodule No: 



Approx; Ti«e; 

1-2 hours 



Nodule Title: 

.Advanced Activate^d Sludge 



Sybmodule Tltfe: 

Review, From Activated Sludge 



Topic: 

Design and Operation Parameters 



Objectives: ^ ^ " - 

. 1. Given a.p/lant schematic, dimensions, flows and laboratory data calculate: 

(a) Detejition times, (b) Loadings, (c) F/M,. (d) Overflow rates, and ^ 
t (e) SlMdge age. • . * . . 

2^ Identify by labeling given sketches the following: (a), Conventional 
' activated sludae, (b) Steo-feed, and (c) Contact' stabilization. 



V 



I ns t ruct i ohid I xAI ds ; 

. L Student handouts 
Transparanci*es 



Instructional Approach(J^ 

Lecture ' 

In- class problem solution 



ile.ferences: 



1. .R(ecommend6d s'tarfdards for Sewage Works. ' s • 

?. >Wanual of Instruction for Sewage Plant Operators- (New York Manyal)- 

3. ( Water'Pollution Coatrol Federation MOP 11 (WPCF I^OP 11). 

4. Part III-BV "Operatjonal Control Procedures fof- the Activated Sludge Process.* 

' ■ I ■! ■ I, 1 , 1 11 II ■ I — ■ ■ 



Class Assignments: V 
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Topic; ' 

RevT.ew -.Design and Operation Parameters" 



If^structor Ncxtes:' 



Stude/St' Han.douts l_and 2 
contain appropriate data 
fo-r thesactivated sludge 
process evaluation. 



/ 



I { 



Conventional design 
generally 6 - 8 hrs. 



-Seneral;ly 2.5 hrs. 



Generally 700. This is much 
better 



Inst/iictor Outline: 



-This workshop. begins with Fproblem which shbuld ' 
J- y J" class, an -extensive plant evaluation. 
.Special attention'should.fje-giv-en to using the 
correct flow values.- ^ - • • ■ < 

Solution: • ' » • ' 



Tank -Capacities' .- . • - 

Ptimary.^Clarifiers 

ix 3,. 14 X ^2-x 22 X 9 X 7.48/4 = 51,155 gal. 
Aeration Tanks " _ 
2 X 32^x 64-5<^ 14 =; 57,344 Q^iNj^t." 
57,344 ,x 7.48^28,933 gaj. 
Secondary. CI arifiers. 



\ 



3 X 3.14 x 25 X 25/4 ■=;i,472 sq. ft. , 

i;472 x,9 X 7.48 '5 99,095 'gal. ^ ■ 

Detention Ti'mes- ° * . • , 

Aeration tank at flow alone .y ' ' 

.428933 X 24/(.6268 .0169)- ='.16.9 hrs." • ^ : 

Wjition tank at flow .pi u?- return ' 

.:428933 X 24/(.6268 -' .0169^.3140) = li.l hrs.' 

Clarifier' ' • ^ - 

.099995 X 24/(..6268 .--.0169^+ .314.0)'= 2.6 hrs." 
Ova^low'Rate' ^ ^ •..<?--- ' \ -/^ 



(.■6268 - :oiS9 - .-0130) x^lj 0^,000/1 ,472 



406 gal/sq.-ft./day, • 



f'lodii'le Ho: 



Top.rc: 
Review. 



Instructor Notes: 



,1,500 cu. f±./lb. BOD 
Gene»<»Tly 



'r ' 



Us 1 fig ,MLVSS' 



New York Manual ° 



MOP 11 



Figures are included which 
show conventional activated 
sludge and modification's. 



Design ^nd Operation Paramtters 



« > 



Instructor Outilpe; 

'.V, j Organic Loading . 

M268 - .0169Kx;302 x 8.34 = l,53^1bs. BoV 
1,536/57,344 - 26.8 lbs. BOD/1,000 cu. ft.' * 
Aeration Cap^ city^ ' ^ 
(Mini mum) \ ' 

1,500 X 1,536 = 2,304,000 gu. ft. air/day 
Three blowers are- availjible ■ 
700 bu. ft./Min". X im\= -1,008,000 .cu'. ft.'/day 
1,000 cu.Jt./Min. X 1,440 = l;,440,000 cuT ^./dgy 
Probably 1 - 700 SCFM and^the 1,000 SCFM blower. 

7So\cK?t air with the remaining 

700 SCFM unit as backup duri^ peak load . 
situations. ' , • 

F/M ' 

F = (.6268 - .0169) x SO^'x 8.34 = 1,536 . 
M ='.42.8933 x 3,138 x 8:3k - 11,226 '■ , 
F/M^= 1,536/11,226 = O.I4I, - ^ 
' Sludge Age ' 



S.A. = .;428933 X 3,382/(.6268 - .0169)-x 137 
s;a;..= 17.4 d^^ , ^ - . 

S.A. = 3,382 (..428933 + .099095)/. 013 x 8,399 ' 
jS.A. =U6.4 days , * - ' % ' ' , 

The-seeond-sectidn of th.is topic reviews the - 



[fythe modifications, but also have ^ome 



Module Np^: 



Instructor Notes: 
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Topic: • / 

Review - Design! and Operation Parameters 



Instructor Outlined 



r 



u 



rationale. for moving process from conventional to 
step-feed, for example, Some discussion of this 
nature is included after the oxvgen uptake test . 
procedure. ' • , " • 

^' ' v - 

It shoiild be necessary only to briefly use Figures. 
1, 2, and- 3 as transparancies- to refresh the, student's 
memory. Piirt ni-$-shotjld be provided •to'^hose 
operators whO' have step-feed capability. 



s 



I.. 



. 9 



mi 



r 




■ I 



\ 



\ 



I 



STUDENT HANDOUT 1 

ITTPncinnc V ' 



Unit PKOces's .DiiTTensio ns 

~ ~ ' - 

Primary. ClaHfier^ ' " . ' ^ " * ' 

Number ■ . ' " ' ^ \ ' ' 

Diinensions (ea'ch) 22' dia. x 9' depth 



2 



Primary Slu'dge Pumps ' • 

Number • . ' 2 

capacity (each>>^ _ ' » .200 GPM 

Aeration Tanks . . 



jmber • . >^ . 

DiWnsions (each) 32' x 64' x 14 '. deep 

Bloy/^rs * ' ■ 



Number 
Size 



.3 

2 at 1,000 SCFM 
'\ at 700 SCFM 



^ ^condary Clarifiers . \ 



Number - . • . 

Dimensions (each) 25 dia. x 9' depth ' ' ' ^ 

Return Sludge Pumps • • ' . 

Number" r ■ -^ * ' - ^ 

Capcicity (each) 200 GPM 
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STUDENT HANDOUT 2 



Plant Data ' . > ' 
' flow, ' • 

Raw flow * 

Primary .sludge flow • 

Return sludge Jlow^ \ 
.Waste sludge flow 

BOD ' . . 

Raw .' ' . 

Primary effluent ■ 
Final effluent 

» Total Suspended .Solids 
Raw " " • ■ 

Prinjary effluent 
Final effluent ' " ' 

Mixed Liquor 
•MLTSS ' 
MLVSS * ^ 

Return Sludge 
RSTSS 

Primary Sludge 
PSTSS r . . 



0.6268 MGD 
0.0169 MGD 
0.3140 MGD 
0.0130 MGD 



36i6 mjg/.l 
/302'mg/.l. . 
. , 1-4 mg/1 

46a mg/T '^^ 
137 jng/1 
, ^14 mg/l' ^ 

. 33 82 mg/'l , 
3136 nig/l 

839^ mg/.l 

48,157 mg/1 



WASTE . 



•SLUDGE 
FLOW 



RETURN 
.SLUDGE 
FLOW • 



AERATION 

TANK INFLUENT*" 



CLARIFIER' SLUDGE FCOW. 




..DETENTION TIME= '6 - B HRS. 
' AERATION TANK 




. / 



clArifier 



OVERFLOW.. 



• SECONDARY CLARIFIER 



^ 



: FIGURE 1 ; 

COI^kffriONAU ACTIVATED SLUDGE 

• PROQ£S*S SCHEMATIC > *- 



1*2 



-o 



no' 



-./ 



•WASTE 



CLARIFIER SLUDGE FLOW 



SLUDGE r 
FLOW 



lAERATION TANK 



INFLUENT 



RETURK 

'Kludge! 

FLOW. 



DETENTIOr JiW-: 4-6 HRS, 



() () 



:,^'AERATIOfi TANK 




CLARIFIER 



OVERFLdW 



SECONDARY CLARIFIER 



FIGURE 2 
.STEP-AERATIQN (STEP-FEED).' 
' PROCESS SCHEMATIC 
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Module No: 



Ptge 1^ . of ' 59 



Approx. liwe; 

3 hours 



ModuW Title:> ' 

Advanced Activateid Sludge 



Submod^le^Hle: 

Review from Activated Sludge 



Topic- 
Control Procedures 



Objectives: . . - ' 

> 

a 

1. . Giv^ F/M control, constant MLVSS control, constant sludge age, list 

the primary control parameter and limitations of each control 'methodology. 

2. Given appropriate deita, calculate return sludge flow demand. 



Instructional Aids: 

!• : Student handouts 
^. Transparancies' • 



* ^ 



Instructiona] Approach: 

Lecture * » . ' 

In-class problem solutions 



(J' 



References:" 



4 



1. Operational Control Procedures for thre Activated Sludge Process, Part lll-A 
(Part Iir-A), •• - . 1 ■ ■ . ' . • 

2.. New Yprk Manual ■ • • I - ~ - 

\ WPCF MOP ai- • • 

4. .04)erators Pocket Guidfe to Acttvatfed Sludge, >afts I' & JI, Stevens, Thompson, 
and Ryan, Inc. '{Pocket Guide).- • 



Class Assignments: ; 
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Module No: 



Instructor t+otes: 



• Page 12; of 59 " 



Tb()ic: , ' 
Control Procedup&s' 



Instructor Outline: 



The following 17 'pages are taken from the ' 
Intermediate. Activated' Sludge" module.- The 
material should be covered as a review, focusing 
primarily oh the control and limitations to each 
methodology. The "M^ss Balance" section will 
unxioubtedly r*equi re the most time. . -s- • 

Student handout 4. includes' sufficient'.dat? to 
practice a "Return Sludge Flow Demand", problem. 



1 , 



Module fft):^. 



In!,tructori/otS^: 
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Tof/ic: ' - 

Control Procedures - Constant MLVSS 



Instructor Out;ine: 

» ■ ■ . ■ ■ 



Suspended Solids (MLVSS) Sncentration (or 
nnf /I7"°'' Suspended. Solids . .mCtsS) is 

one Of the most common control methodoloqies ' 

5l"^9e wastewater tre^t-^ 
Tnnlrli'^VIV^^' ^J^^^ iprime 1 imi tatiop to this 
J Jfu^"^^"^ ^^^5 tfie fact that it is 

°^ raw waste load. • 
btaJed. another way, a facility tffat experiences 

yBon/wnf'°"J raw. waste^organic- load " 

Jn??Lci be controlled 

l-f^nt c fyl^^ maintaining .a-.constant aeration- 
! • f "cenjration. A se^nd .limitation ' ' 
lies iti the fact that return sludge flow contra! 
adjustments may not be made' when- needed, or as . 
a function of process deipand. Typically. " 
facilittes controTlfed by this t^hnitfue ;^rely 
adjust return flows. ^The return sludge flow rate 

IT (2^1' c^^''* ''^"^'"^ in- the- range of% to 
33 (up to, 50) percent of raw flow. Subsequent 
discussion of , the "mass bal an c^' equation will ' 
help ej^iain this return sludge flow rate! 

I^^nr-J^i^ PI?'^"^ paranieter u^ed to 

mamtaih the cbnstant aeration tank solids 

concentration is -waste, sJudge flow. -Simply stated 

If the target solids concentration has been ' 

exceeded waste If solids concentrations' fall " 

oeiow target, decrease waste .sludge flow The 

yo ume of sludge -that must be rembved (Wasted). . 

of thp r5:/'T'P^'^^ J° Pl^"* a fuLtior^ ... 

of the character-of the waste and tybe of facilitV 
\ainong other things^. Generally a good startina ^ 

sewage flow. Expressed in otHer terms the vdlume 
15 OOo'!6."??nn^'"'''^y 5,000 gallons and 

sewag^ floi ^""^ ^ ^^"^ °^ ^^^^ 
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Initructor''Notes: 



Procedures ^ Constant M.LVs\ 



9 



nni °n a.eratiiDn tank solids 
under a '^'constant MLTSS" mode 

usp ^* also 

use data frotn any- student wTio 
ha's. real world" .data, with him. 



X 



■/ • ■ 



V 



J ^ ^ ^= f A" tlon Of the -., 

Recall that.thls ,ont*r^f^ X^irS'- ' 

confirm th/load ?n ^nH' ''^?'V' ""^''^/M ratio, 
concentration ^ so id. n the required 

required M ^°^^-^>rJ3?£essary to satisfy the • 

! Solution tp Student Hantjbk; 3 Problem- 
j'Aeration tank vjolum^ = 32^x,12,.x 7.4a, ' 

!F = O.^S X 165 X 8.34 
P = 413 lbs. BOD.-. 
F/M= 0.3 
M = 413/0.3 
M = 1,377 lbs. solids 

MLVSS =:i:377v'2 X , 0.045957 .'x 8.-34 
MLVSS = 1,800 ife/.l 4 -1- ] '^ 

problem that^he load ^Is^'t -chan'g^dT 



■^45,957 gallons each' 



= 413 lbs. BOD 
F/M ^ 0.2 
= 413/o'.2 

■'18 
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Module No: / 

■ / . A 


.•TjD|>ic: ' ^ • ■ , ; 

Control Procedures - Constant MLVSS 




Instructor Uotes A^-\ 
/ ■ . 




Instructor Out/ine; 

i. vi • 


t 1 


I ' ^ 
1 ' ' V 

1 ^ - 

1 « ' * J 

1 * < 
1 • • > 

* 


• 


W - 2065 lbs. ,$olids v 

piLVib - if.Obb/? X p. 045957 X 8.34 .7^ 
MLVSS = 2,690' mg/1 * ^ . /■ . • 

I • ^ 


% 1 








i . \ 


/ 




■ . r • ■ 

s J \ r X ' ' • K 


r I 

/ 

■ * -1 




V 1 

-A 1 

c 1 
> 1 
1 * 
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STUDENT HANDOUT 3 . ' . 

Given: Two aeration tanks, each 16' x W x 1,2' 

Sewage flow BOD =165- mg/l . ' • , . . 

. ' Raw flow = 300,000 gallons per day 
Select: F/M ratio-(0.'l to 0.5) 

• . S^^y 0.3 ' ^ \ 

Find: Mixed fiquor v.oTa?^ suspended. solids concentration required., 
•1. MLVSS = ____V' •" ^ 

Final effluent quality rrot acceptable. The -appearance of the final clarifier 
indicates a higher concentwation of solids would improve final affluent ^ 
quality.^ ; - . ' , . y ' 

Select a revised F/M which would result in a higher concentration of solids, 
and thefn solve for the new concentration. ' , - 




Jo|>ic: ' . ■ ' " 
Control Rrocedures .- Constant F/M 
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Figure 4 - .Conventional 
Activated Sludge Process 
'ScbematJi^ 



Instructor Out/lnel 



Snt'm'r;'' procedure to be reviewed is - 

for F-Anw M ^ J ^^'-^"'^ calculate values 

iSclu'd^:'''"*'^'^^ ^ S-ontrprby:this technique 

^- IJwI^n'-^*^ i" Obtaining. a timely value 
of F (^OD IS 5 day determination): 

2.. MkVSS detemi nations 'are 'not necessarilv 
true. measures of M (paper and'dead cells 
show Hp as MLVSS). ou^^-ens 



3; 



4; 



Inabilityao-make instantaneous changes in'-' 
aeration tank solids .cqncen^-ations. 



F^M Uy itself gives 4JiTtle assistatice to 
operator^ relative to return sludge flow 
a^ustments.- • ' - . 



S 



Iandou^'f'^^H.'" "'^^ ' P^^^^^ f'ron, Student. 
Handout 1. If there was no difficulty with the 

w'i-?h sofv?noT'-p i^^^re -are.any qiesti'Sns 
witn sojving-for F or M or the F/W ratio work - 
■anqther^problem using data-from the gluden?? ■' 

de^s^w??h'?Sf*.'''^"V^""* P^^"^^ ^odufe 
deals witf^ the^ "roass .balance equatioa'" Jhe 

operator mu^t come to grfps with this equation- 
IL I 1- i>rbved understanding of 

the actiyated^udge, process. Th6 startlisi poi'nt 
In ?'c)lematic.. The second ste J is 

nois a- d' L^)"^' ^'".^ ^^^^'9" symbols "to .these 
'"pi^e'- concentration of -solids J.ri- each 



. , . f • 

XSF '(mgd) 



RSTSS (mg/U^ 



RSF (mgd) 



RSTSS; {mg/.D 



AFI (mgd) 



PETSS (mg/l) 
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CSF (mgd); 



RSTSS (mg/l) 



.Aeration Tank- 



, TFL- (mgd) 



MLTSS (mg/l)- 



CONVENTIONAL ACTIVATED SLUDGI 

PROCESS.SCAEMAtiC 
Figure 4 . . <^ 




tS^O'(mgd) • •- V 



FE^SS (mg/l) 



o 
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Topic: " . 
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Instructor Oirtiine: 



Figure 5 - Flow Balance 



-Figure 6 - Mass Balance 



led - A?c '7i equation which has been 
nf Rnn to solve for oounds. oounds 

of BOD or solids. You.should recognize the 
following equations: . ^uymze cne 

^\4"8"3^'°^'''' " Up/1) X. Volume (mg) 

b?emi?e: '''^'"'^ equation has as its simple ^ . 
Mass in equals^ mass our, , . . ' ^ . 

ah-^In step backwafd before .moving ' 

s?ood' ^hI ?T '^^"^^ readily Snder- 

eduai;'VlS! ^^^T-^^ P^"'^'^e is: Flpw in 
equals -flow out. Notice the different relation 

an'7ae? if '"^'l' . '''' of thTcla??f?e;"" 
whi ^2 ^!l^"9e the relationships 

when the tanks are full. F^low balance is ^ 

caS hp'^./"A^'J P^°^es-s flow data 
H "^?Hl5ted on occasion- if some measured 

I ^s o^ld^Ji'nr-"-'''^^-rJ^°^ equations 
I ^snould *-^^e in your (the student's) facility. 

- Return now to the mass balance equation: , ' 

Mass iri equals mass but" ^ " " 

Pounds will be the units of, mass for our use The 
equation now becomes; 

Pounds in equals oounds out 

Figure identical to Figure 1 exceot the • 
aeration tank and xlartfier have shrunk -The • 
ewie r"l'm]."^H^ relatiop.hips^'hSSid 1' be 
r^su'??sS-n'tt'?o?lS:?ngr '""''^'^ ""''"'r^ 



2i 



CSF 



♦ * 



A 



•V 



' . / TFL . 




Flow in = Flow out ' ' .. ■ 

TFL = AFI + RSF , ^. . ^- 

TFL = tFO + CSF ' . . : • -' ' ^ ^■ 

05^= RSF + XSF ^ - ■ ■ ' » . 



6 ^ , > 



Figure 5 



Flow Balance ' . . • ' ' . • » 
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ERLC 



InstRuc-tor. Outline: 



. Firstothe 8.34 cayi be' divided outVesulting in: 
•TFL X MLTSS = CSF x RSTSS +.CFO x FETSS 

Next, Fpss, i,f final effluent- quality is qood 
approaches zero. (At the very least it is Ser^ 
much smaller than either MLTSS and/or RSTSS). 

The equation then becomes: 

TFL -x MLTSS = CSF x RSTSS 
"^i^irrg a'rour^ thj/ system: * ' ' 

. CSF X RSTSS = RSF x RSTSS + XSF x RSTSS 

If there is no sludge being wasted, XSF =0' 

CSF X RSTSS = RSF x RSTSS 

Final .ly the mass balance *around the aeration !tank: 
TFL X MLTSS =/lSK^ RSTSS + AFI x PETSS 

. These equati4s do have significance f5^- th6 ' 
""f ?,>a]a"ce krourvd the^larifier 
resulted in the following eq:Qation- 



TFL X MLTSS 
If XSF = 0 



CSF X RSTSS 



•v 



(AFI + RSF) x^MLTSS = RSF -x RSTSS 
AFI X MLTSS + RSF.x MLTSS = RSF.x RSTSS' 
flSF X (RSTSS - MLTSS) = AFIx MLTSS 
RSF = (AFI X MLTSS)/(RSTSS - MLTSS) 
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Instructor Out'/lne; 



This relationkhip^an be of as«:i«:f ;,nr^ ^v. 

Lt.l-/?? sravimetrlc so l5s ' 

»ean thir? "ot 



! RSF-'= (AFI X .MLTSS)/RSTSS - MLTSS)^ 



Becomes; 

RSF = (AFI X ATC)/(RSC - ATC)" ' 

In'd th?s1IsTand\"o' '^''^^ determined 

contJSrp.Jo"lciure.''"'*'°" '"^^^ ^ P^^* 

I!jDrer.1nn*'?"'^jE ''"■''^ manipulated to give'an 

RSO=i (AFI + KF) X ATC/RSF 

i?qu"r''a'^"Je°?uS'';5^S '-"Plies- that given mixed 
lewl ^ff, "'''^ concentrations and a 

level of flow ,„to the aeration tank, the return 
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Control Procedures - Constant F/M 



instructor Notes' 

^ — (~- 



Par,t III A. Operatioha-l 
Procedures for the Activated 
Sludge Process, Page 5. \ 



7, 



ERIC.,; 



Instructor Out/lne: 



4an"t'ftL*° that systen,i„ b-alance; 

The expression for RSC implies-that given ths'' 
J t™m" yS/"'' M""""- concent?a« n the 

X° eXf h'""-"?' Procels/'rhe L balance " 
presented. does rfot take into account the growth ' 

Tml mll'Z\sc-'X^' substitution" 

^entity relaiionsMp " 

In other words ATC i^ime rf constant.^ MbTSS and 
RSC times-^a constant = RSTSS. If such were th» ■ 

if? consideratfon/. Part III A-terms th3c • 

Vather^he" til u'T^'^' numbers shoin.- 

iauicr tne trend. _ In other worcfs a Wf*R nf pon 

-^an that your-,sludg1 is 

laentica] RPM s to th6 one used in PartlElA ^ 
The operator Watches the trend of the Jcf i n \i s " ' " 
'Plant Increasing WCR's indicate thi slS i^ 

""yolger" becoming relatively " 



SnM4l"°' determination and soli 



centrifuge. 
WCIi= mis/KTC' 
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iTis^ructor Notes; 



Instructor Ogtiine: 



5 mo^t^ii 



-Ppotobly two of the 'mb^iffi cult aspetts of 
control to a constant sludge age are: 

1. What etjuaiji or) should be used. 
.2. -What sludge a^e vajlue should be selectfed.- 
This module will no^nibke your decisions Jt " ' 
.does seem appropriate, to use the equation' vou 
the operator are most comfortable with It 
91 so seems appropriate that more than one 
equation should be used and a "selection then 
made based on which seems to work. best or which 
beit- parallels process change. 

With\reference to a starting, value.- for sludge 
age, once again no value is. offered. Rather • 
only that .a value must be selected and then 
adjusted as a function of process demands'. 

WPCF MOP 11 offers the following, equation-'for . 
sludge -age (S.A.): 

S.A. = X (Va + Vc)/.Qw X Xu 
Where * ' 

X = Average active microbrial solids concentration 
in the aeration tank, mg/1. (Or percent by 
centrifuge). • , ' . y 

Va = Volume of aeration tankfs), gal. \ 

Vc = Volume of final settlins tank{s), gal. 

Qw = Flow rate of sludge being wasted, 6P,D. 

Xu = Average concentration of activated sludoe^ in 
final settling tank underflow^ mg/l..COr 
percent by centrifuge). 

The New 1fork Manual: states : 

S.A. = V X A/Q X C- 

"Where . " 

V = Volume of aeration tank(s), gal. 

30 ' . ' ' 
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■"A = Concentration of suspended solids in the 
aeration tank{s) , -mg/l . , 

Q = Sewage flow, GPD -^^ - I • 

C =' Concentration of suspended solids' in'the 
sewage entering the aeration ^ank in mq/l 
exclusive of returned. sludge." ■ . 

The Operator's Pocket Guide suggests: 

Cell Residence Jime (CRT) = Total Solids/lofids 

Wasted • ^ 

Where 

r 

Total solids - Lbs. solids in aeration tanks 
Solids wasted .= Lbs. solids wasted per 'day 

NFlC.Procedures'.uses'cenHlfuge.Values and offers 

S.A. = (ASU + *CSU)/TXU>d'av. ' • 

Hhfeire' - ' ^ ■ 

ASU = % solids in aeration .tank<s) times volume-. 
of -aeration 'tank{s) . . ■ 

CSU = J'solid^ in clarifier sludge blanket times 
the volume of the clarifier-^ccupied by , 
^ sludge • ^ , 

TXU/D^y = % solids of sludge wasted' times the 

ypiMnie of -sludge *Waste4 per ^'av pTus'- 
. the^. solids in. the firTal effluent times 
^. the^volume of. finaf effluenf^per day 

WPCF MJP 11 states the one ^^r^Uth" relative to' ' 
each of these four-equations, "The wasting " 

ac??& cVJ effectiveness of the \ 

activated sludge plant . • 



\ 
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_Contro1 Procedures - Constant Sludge Ap^ 



Page of ^5^' 



Ins-tructor Out fine.- 



J 



r 



mJ?n?ff^'°"'l relative to control by' 

maintenance of a constant sludge age This f*: 
a control methodology and that equation 
selected should lend itself to "control" For 
that reason the. technique incorporatinq use of '■ 
the centrifuge, its Relative ^ase of solids 
determination, the ability b-»:^idly check thP 
concentration of the solids be^aLdland 
thus to adjust the rata of w^ste slS f?^ 
as frequently as desired seeni quitel^rop^iate 



llil\^T^^^^ address adjustment of the 
selected sludge age value its.elf. 



/ 



.Control to" a constant sludge age implies J ^ 

resSlls'ln a^"- the^-VsIle' te ^ 
efflJent nn^^r''''^'''^^!^^^^ with finaV 
wo'Il'd'Ee ^ kludge age 

JaSa?i-on '^f^^''^? ' '^"^ Seasonal - 
sewIL fL l5^K°r °^ ^ signifrcant 

Process indicators might dictate'a change such • 

Denitrifying sludi^.if^Tinal clarifiers 
^* cla??fie^s^""'"^^*^°"\*° ^^'"^1 

^^^l^'^^r'"^ °^ ^'^'^ ^-'^ on 
D. Appearance of dark", greasy foam- on aeration 

cJIlM!'/*!i°''^'^ indicators which the operator 
should document in his own facility^ ^ 
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Instructor N'ates: 



tontrol Procedures ^ Retun, Sludge Flow Control 



Part III A, Operational Control 
Procedures for the ActTvated 
Sludge Process 




Instructor OutVine: 



Activated sludge rilants have th** capability tn " 

wo'rk" nalf?f.''-f?J f^tW^parator is 

working at a facility whose flow is constant 

whosfe sewage -strength is constaht whe?e eJe^- 
thing IS the same throughout the and 
throughout the year, th^ is undoubfeSly one 
wa ^nn^f'^J^'^-'-^^^Se flow. When this value 
was found, there would undoubted! v be no further 
need to adjust the return sludge flo^. ^Hiving 
yet to see such a facility, it would seem ■ " 
appropriate to address a methodoloqy for adiustin. 
return (clartfier) sludge flow. a^austinj 

f^'Sr rf^ slpdge withdrawal 

frtfm the clarifier/ If clarifier sludge flow is 
tooUlow sludge will accumulate in the cla??f er 
untn solids wash over the weir and are 

ifef iioi^d^^•'^'^°^^'^ ^^^^^^ ^^^^^ 

I treated; jiqi/id is returned to the aeration tank 
- appear to be ar, optimuLludge ?lJ^ 

S brS-r*S^".*f?T^'^*-^'^^ methodoio^ 
described in' Part III A is a logical aooroach tn 

clariher sludge flow control. A cohtf^test 

Th^clS?,•L'^'^i*^ *? concentrate is calculated, 
nf m.; r-^Iu^'^'^.^e flow is adjusted to the enk 
sfuSc. ti"?hI^S concentration, of^he clarifier 
ll'tVn^tt^^^^^^^^ to concentrate; 

■ -• /■ . . ' ■ 

the "?lrnItJ'J- P«>cedUrek quite simple. gUsn 
fiLJr?^* '^ssumr^e clan'fierJludqe 

2r ? ■ . "9 controlled to the sixty miffi ^ 

'as deter^-n'H f ""t?,^ett>ed sludge conce7{?ati on - 
'?ists T 1 T settleometer and centrifuge 
c^L. 5^ equation and a sample problem are 
^shown on Pages '40 and 41 of Paft III A. • 

Until such time -that the "Part IV - "ProcP« 
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Instructor Notes: 



Stude nt han dout ,4. contains 
sufffcterrir data to njake a 
practice calculation. 



Jl 



fir 




Instructor Outline: 



,1. Demand time selection (sixty minute demand means * 
the settled. sludge concentration cal-culated'from 
the sixty minute settling value). Demand times 
will vary from plant to plant and even'withifl 
one plant. Factors which influence demand time 
selectioQ include secondary clarifier overflow, ' 
rates, organic loald, "sludge quality i and 
hydraulic linritations. Clarifiers operating 
at high overflow rates generally dictate that 
relativfely short (low) aemand times be selected - 
thirty minutes, for example. Low overflow rates 
allow Yor relatively higher demand 'times - sixty 
to ninety minutes. In general the exactness -of— t- 



the calculated clarifier sludge flow xiemand is- 
not a^ important as the direction of adjustment 
the result indi<:ates, increase or decrease in 
clarifier 'sludge flow. Excessive adjustments . 
should not be made. Adjustments should be limited 
to no more than 20 - 25% change. Hydraulic v 
limitations mus\be determined for vour facility. 
An ex'ajple would be not reducing slugfee flow toT* 
a level which results in plugging draft tubes- or ' 
piping. For th>tt matter sludge -flows should not 
be raised. to TeWls that result in excessive 
turbulence in. tffe clarifier which would impede 
solids separation (settling). Other process 
indicatftrs.-must not be ignored. Process' control 
requires total process evaluation, judgment of 
process demands,- .control adjustment, continued 
testing,^ evaluation, and judgment etc. • 
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DATS S/Z1/\1(m 



DAY. 



TEST ' _ 

TiMR Oaoo. 

RAW FLOW 2*CS'n€ Vi 
RETURN FLO W 
WASTE FLOW 



TEST 
TIME 



TEST 
.TIME. 



RAW FLOW 



RAW FLOW^ 



RETURN PLOW 
WASTE 1?L0W 



RETURN FLOW, 
WASTE FLOW^ 



TIME 
0 

5 
10 

15 
30 



ssv 

1000 



ssc 



TI8E • SSV- 



3, to 

ZIL 



^5 3;6 

60 £25 11:23 

90 ... 



DOB, 

INITUL — , 
TURBIDITY ^il_L 



■ . / 




SSC 



FINAL «^ 
TURBIDITY— ilZ, 



IN T-UL 
■ njTK. 

FINAL 
TURBIDITY 



INITIAL', 
"URBIDITYju 



FINAL 
TURBIDITY. 



Nodule No: 



Appjrox. Tii«: 

1-2 hours 



Module Tltld: 

•Advanced Activated Sludge 



Submodule Title: 

•Review from Activarted Sludge 



- > 



I 



Topic: ^ 

Trend Charts 



Objectives: 



1. Discuss settling curves 

2. Discuss concentration curves. , . ^-.^ , ^ ^ ■ s 

3. ;Discuss. process flQWS (raw, primary sludge, return, and waste activated 
sludge) . - ' " 

4. Discuss sludge blanket levels 

5. Discuss effluent quality, curves 



Instructional Aids: 



1. Transparancies 



Instructional Approach: 

1. Lecture 

2. In-class problem solutiop^ 



4 ^ ' 



References: -"^^^^1^ 
l'. Part III-A .^'^ 



Class 



Assignmpnts: 
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Part III A 
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Instructor Out/tne; 




Process . corrtrol takes on a new dimension when trend 
charts' are a .part of process control decis ion iiH64-Wr- 
Tfie sub^seqi^nt figures* dispTay about 13 weeks of data 
trend charts. These represen^t datat&iries as' • 
opposed to true, daily maintaitied trend cahrts. They 
are missing the all important daily operational notes 
of unusual circumstances or events. 

The following trend charts are |ncluded: 

Settled^ sludge volume - Figure 7 

Settled sludge concentration -.Figure 8 

Depth of sludge blanket - Figure' 9 

» 

Turbidity, Final^f fluent- - Figurfe 10^^^ 

Aeration tank COD loaci - Figure 11 

i • - 

Final clarifier overflow rate— Figure 12 

Oxygen uptake test results -.Figure 13 

Weight to concentration ratio -. I^igure 14 * 

Tran^p^rancies of these figures should be made'to 
display several of these transparancies "at the same 
time. ' - - i 

Discussion of these trend charts should include ' 
but not necessarily be limited to: 



1, 



Vigure 14 - Recall the equation WCR = MLTSS/ATC.^ 
Note that this ratio is most certainly not* 
. constant. Compare tf}e improved settling 
characteristics (Fii 
WCR. 



characteristics (Figure 7) to this increase in 
WCR. ' • •• . y 



The COD load curve (Figure 11), overflow rit€ 
(Figure n)\ and final effluent turbidiuX 
(Figure 10) Should be displayed sfm§3tglfieously. 
Notice^ tHat hydraulic overloads do not occur, 
rather organic load does occur wfth a resultant 
degradation of effluent quality. " 
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Instructor Out'iine; 



4- 



Other corribi nations should gerierate discussion. 

Any questions on the lo^gistics of trend cha'rting 
should be resolved: Itf is suggested that 10 
square by 10 square per inch graph pap6r does 
not' lend itself to trend charts as the units 
of time (the horizontal scale) can be confusing. 
There is available graph paper graduated 12 
squares per inch horizontal by 20 squares per 
inch vertical. . . 



r 



r 



f 



J' 



OCfTH OF SIUD6C IIANKCT III FIMl CUKIFICKS « 001 




42 



Figu're 9 



43 



o 



\ 



( 



10^ 



ERLC 



ACMTION TAMK COO LOM % 



160 




(TV*- 



o 



VO 



47 



v 



ERIC 




\ 




\ 

• 

Pjim 2^7 Vnf 


• 




Module No* 


nuQuiv Ti VIC* 


% ^ ■ ■ • 


* 


Ad^^anced Activated Sludge 


« 

* 




Si^dule Title: ^ 


* # 


Approx. Timt:^ 


Oxygen Uptake ^ 


« » 


4 - 6- hours 


Topic; . ' 

* 



Objectives: • - • 

1. Perform an oxygen uptake analysis on: 

(a) Return sludge alone (diluted) - "Unfed" • 

(b) Return sludge pi lis aeration tank influent 

2. Plot oxygen uptake data on trend chart/ 



"Fed" 

t. 



InstructHJnal Aids: 

. V • i 

1. Equipment tas listed on followjjig ^page. 



<3; 



Instructfonal Approach: 



.Lecture . ^ ' 

Dentoftstration 

Hands-on student participation 



r 



References: 

I. Dissolved "Oxygen Analysis, Act>ivated SI udge 'Control , XT-43,, USEPA, 
Cincinnati, Ohio, 45268." ' ' . . 



Class Assignments: 
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STUDENT- 'HANDOUf 5 
OXYGEN UPTAKE WORK SHEET 
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/ , UNFED MIXTURE \ - 


■.Time 


Temp* 


D.O. 


A.D.O; 


t = 0 


: 
















1 






• 


Z 




* 




.3 

— = >'-r- 
















5 




t 




6 * 








"7 








8 ' 








9 








10 








ii 









Flows:. 



Return sludge flow = 
Aeration Tank influent = 



A 
B 



Calculate volurfie of return sludge' (RSV) required: 



RSV = 300 X A 
A .+ B 



300 X 



Calculate load ratio (L.R.) 



L. R*. = Fed mi'XtUre o){yq^\i^ptake; = . -^^fey 
Unfe;! 'mi)^ture oxy^'en^ uptake \ 
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FED MIXTURE ^ ' • ' 


Time 


Temp. 


D.O. 1 


AD.O. " 


t = 0 








1 






- 


•2 






t 


3 


- 


! 




4 




\ 




■■-5 
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Topic: 

Oxygen Uptake' 



Instructoir Notes; 



4> 



Stiident handout 5 is a 
suitable data sheet for the 
oxygen uptake test. 



Instructor Outline; 



The activated sludge process is a constantly- ■ - 

changing system with- interrelationsJiips among 

■ biological., chemical, and physical characteristics. 
. Oxygen uptake activity wi.ll show changes in process 

■ character. For example, an active sludge with an • 

! abundant available food, energy will have a relatively 
^- high oxygen uptake and sl'ow settling rate. It is . > 
] appropri^ate/ however, tOMfiarn the procedure before 
{ dis,cussing data interpretation. , ' . '• 

\ ' ' ■ 
I TEST PROCEDURE 



The^se procedures and other portions of , this control 
technique discussion are' taken primarily from work 
done by. F. J. Ludzack, deceased. Mr. Ludzack wa&,- 
] with/ the National Training Center, United States^ 
] EnvironmentaVProtecti or} Agency^, Cincinnati, Ohio. 

I The following equipment->ff requir^ed for the tesjt: 



^ Electronic di'ssolved-oxygenfanalyzer witfi BOD 
. bottle probe and agitator. ^. 



Mabnetic stirrer and stirring b^ir. 
; 300 cc .'standard BOD bottlesi 



^ 100 cc 'and 250 cc 'graduated] xfyljjiders. 

\ A 

5. i Three Wide-mouth sampl-ing/cpntainers. 

, 6. i Ceitri.fuger. . ... 

I ' ' 

I 7-. St6p wa'tch or timer.' 



8.^ An'acttvated sludge plant with control 'flexibility 
I ■ ^ ■ • . I • ) ' 

j'ThijS test should be". accomplished in a prompt, orderly 
j fashion.. For .example, don't collect samples, 
stefridardi2e the -DO -meter; make^ Volume calcuilatioris, ' 
discuss th^ day's work schedule, take a coffee break 
I and then "run" the tests. • ' 
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Oxygen Uptake 



Instructor Not^s: 



7 



Instructor OutUne: - 



Th e DO meter should firs :L±e__s_et_jLjp_aacLsj:aruiar-dl2exL 
This should be accomplished by an accepte^d technique 
using. instructions furnished with the DO ^analyzer 
availably* - ' •. ■ -' 

Flow.Jreters should then be read and the values 
recoilded. The aeration* tank- influent and return 
s,ludge flow_axe" the flow values needed^. After these 
flow values have been recorded the sanple -volume * 
calculations should be made. 

^Either of Ve following formulas may be used to 
determine the volume of return -Sludge to be added 
to the 300 cc BOD bottle:. 

Return sludge volume, (cc) = . . * - , - 

300 X return sludge percentage (decimal) 
1.0 + return sludge percentage (decimal) 

Example • . • ' ^ ) 

Return sludge ""percentage is 50^ ' ' . . 



Calculate volume oiLreturn sludge to be Used in the 
oxygen uptake procedure. - 

. i < ! " , ) '- 

Return sludge volume (r r)-"= Tnn_x_o.50 
■ 1 + 0.50 



1 
r 



; ' ,= 150 

r « ' I » 1 * 5 ' 
Retiirq sludge volume = lOD cc 
The 'other equation which may -be used: 
-Return sludge volume (cc) = 



300 X return sludge flow (M6D) ' " ■ 

Primary effluent (mgD) + return sludge flbw'{MGD) 



Example 

Return sludge.. flow is 0.40 MGb 



Nodule No: 



Instructor Notes: 
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Topic: - 
Oxygen yptake 
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Instructor Outiifle: 



Primary effluent is 1.20 MGD 

Return sludge volume (cc) = 300 x"0.40" 

1.20 + 0.40 



= 120 



J 1 ■ s ' 

Return sludge volume = 75 cc 



1.'60 

\ 



With the test equipment set out, the meter' 
•standardized and sample volumef calculated, the 
vsamples should next be collected. Samples should 
be truly representative of the process stream being 
satnpled with one exception. \ 



1. Aeration tank, influent 

2. Aeration tank effluent 

3. Return sludge * 



4. Secondary clarifier.overfioW 

The cTarifier overflow is the .reception. It should - 
Jje only dilution water. The return sluclge sample 
-should be aerated ta "freshen') it as it has been in 
the clarifiar for some time. 1 1 

The time has arrived to perfortnlthe test procedure. 
• In fact, two separate determi rations are to be made 
^^/i th CQnplusions tp.be dr'^wn frbm each determination 
and fronf'a derived calculation using both results, i. 

The ffrst determination of oxygk uptake rate is 
run on return. sludge and clar^^ier overflow, the 
unfed ^hiixture. The second practice calculation^ * 
determining return sludge voliflne (75 cc) will Jis' . 
used. ^ ' . . J ^ , ^ • 
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Carefully mix the freshenldreturn sludge sample 
and>TifBasure the calculatecf volume, 75 cc. Add 
this to the 300 cc BOD' bottle.. 'Rinse the 
graduate^ylinder with the ctarifier ovemow 
to, transfer the remaining Jsludge into the BOD 
bottleJ. 
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Fin the BOD bottle with clarifier pverflow 
•to ? point about one-quarter inch into the 
tapered neck. v 



3. 



5. 



Aerate the sample u^ing an. adapter to connect 
a clean BOD bottle io the 'sample bott'le. Shake 
vigorously while transferring the- sfmple to . 
the empty bottle ancLl)a*ck'j- 

Insert 9 stirring ba|r and the DO probe, 
exercising \are not ,to entrain air. w. 

Place the tes) bottlfe with probe on the 
magnetic stirrer. 



6. Start the BOD probe tgitator. ' > 

7. Start th6 magnetic stirrer and adjust! the speed 
to maintain solids suspension and dis,tribution 
throughout. the bottle. 



8. 



Observe and record the initial temperature and 
DO, start the timer.. Observe and record the 
DO s at exactly one minute intervals urjtil 
there are at least three consistent on^-minute 
readings, for oxygen jjptake. The differenc e 
between indi vidual rkadinqs at nne-mi'mttp ' 
intervals i s reported as the oxvoen uptake . 
^3ve a sairple- of the! test ifiixture for centri f uge 
testing. ^ Record the] temperature of-thd mixture 
at the time the final oxygen level is r?ead. A 
tenth or t;wo c.entigr^de rise in temperct^bren's- 
not significant. ' ■ 

This completes the unfedjmixture oxygen upliake ' 
determination. The next )<letermi nation is Pun on 
an Identical volume of return s^ludge, but wiith \ 
aeration tank influertt uied to rinse the sludge, ' 
from the. graduated cylinder into the test bottle 
and to fill the test bottle into the taperSd ar^a. 
This^is then- the "fed" mixture, retitr-n sludge (75 cc 
Tor this sample) mixed with aeration tank iVi fluent. 
Continue the procedure aiwith the "unfed'!. kxture, 
steps 3 through 8. ■ r . 



J 
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_-Samp]es_af-the- fed mi xtursr-the unfed mi xtnireT-and — 
,aeT:ation tank effluent should nov^ be centrifuged. 
This is a rough check to give reasonable assurance 
a calculation error was not made in determining 
the volume of return sludge to be used in the tests. " 
The three concentrations may be expected to vary- 
somewhat. If large discrepancies * are' noted, check, 
flow readings, calculations, and re-run the tests. . 

.OIATA INTERPRETATION 

Data collection is a frustrating exercise if one is 
not able to "use" the data for some purpose. It \ 
would be most rewarding to now be able to Tist 
some magic numbers and a laundry li^/t of .exact 
control , adjustments. which should be made as these 
. magic aumbers would. be-' determined by-t^st' 'procedures-- « 
under vanous operat;in3.jG0nditions experienced at ^ 
any given activdted^fTudge pi ant. ^ Such is not the ^ 
case. Howeve^, that is not to detract from the 
possible usefulness of the procedure as it relates 



to procpss. control. 



/ 



I 



One additional qalcUlation must be , introduced,, to be! 
followed by discussion of how to use -the data ^ f 
accumulated f rcnjr the two test determinations (fed 
and unfbd jTriKtut^e okygen uptakes) ahd^the 
cal culattonT ^jV^ ■ ■ i 

■ The loa?l rations calculated by divi ding the oxygen 
uptake rate of the fed mTxture b^ the oxygen' uptake' 
'\ rate of j the unfed. m|xture. j 

I. R. =1 Fed (5xygen Uptake 



' Unfed oxyge^i uptake' 

Considei* the followfng. test results^ 

Case I ^ ' ' 

' Unfed iirixture oy^geh up.take = 0.4 

• Fed mixture oxygerr uptake = 1.2 

L. R. " V, . . ■ . 

0.4 

L«^'r. 3 • 

- 60^ ' ' 



. f 



i 

>} 

'■'1 
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Ludzack stated that "The, best range for each plant 
IS an individual characteristic, but conventional 
activated sludge commonly performs best at an L.- R. 
otffom 2, to 4, extended aeration at less than 2, 
high rate plants more th\n 4". 

Three points are to be stressed. First, that "the 
best range for each> plant is an .individual 
characteristic". This is determined by making the 
oxygert uptake determinations and plotting (-trend 
charts) the data. Allow the pla;it to coimunicate 
•with you, the operator. Note ori your trend charts 
what the effluent quality is along with uptake rates 
Other process indicators should also be plotted, 
settling rates, flows, turbidity, sludge blanket 
depth -etc. Allow the plaht to tell you via trended 
data what changes -are interrelated.^ - r • ■ • 

How, for exanple, do-sludge settling rates change as 
.oxygen uptake rates or load rati,o changes? ^ 

Secondly then,''don'jb just perform the procedire. 
and plot the data. Use the trend charts . "Notice 
the changes in p]K)cess indicators as ydu make 
control adjustments^ Ultimately, the goal- ik to 
detect process needs or pending, upsets from your' 

•plotted process-control test data, make control ' ^ 
adjustments based on process neefd op demandj and -. 

jTiaintain a consistent efe|p.ent c^ualjty.. 

The third point deals with the load ratio rahge's 
tgiven as "best range"'. Why sh.ould the suggested . 
range for an extended aeration 'facility be less than 
for a conventional activated sludge facility? The 
basi-c difference in the extended aeration fatllity *^ 
compared to the conventional facility is theftime 
under aeration. The aerStion tank detentijjnl time ' 
is 3 or 4 times" longer in an'extended- aeration ' 
.plant. So? Assume two facilities receive tie same 
wa|tfe strength, same flow, therefore same tata'l 
load (food).. Thfe extended aeration p.] ant,' hJowever 
has larger aeration tank capacity. It has aT24-hour 
•detention time compared to 8 houV^ for the other 
p'lant,"^'If the same amount of food is going lintO" 
each plant, the ext^ndld aferatidn facility bV- sheer*" 
detention- time will have a more stabilized (tei^ding • 



1 
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toward over stabilized) sludge. * The critters 
have eaten all of the food in* the wastewater and 
h-ave undoubtedly entered the cannabalisti c state. 
Ths result is that when the' return sludgeis 
combined with aeration tank influent the organisms 
will not have as high- as- uptake rate as tbe return 
sludge from the conventional plant. 

It is worthy of restating that an appropriate load 
ratio should become evident as the'test results 
are plotted (trended) along with other process 
parameter?,, to include treated effluent quality. 
A load ratio or range of load ratios that;has 
characteristically resulted in acceptable 'effl uent 
quality can, be expected to produce the same relative 
quality ih^the future at the given facility. Lets 
assume 'that a given fa cili^ty .in fac* .performs well . . 
at a loacl.ratio of from 2 to4. Suppose the lorfd 
ratio has' gone from ' 



1.^2 
0.4 

0.5 

OTT 



3 to 



1.25 



I 



The small; fncrease in the.4pta.ke rate of the fed^ 
mixture r^.fative to tbe &nfed mixture coald be the 
result. of: I • i 



A. Rainw'aler dilution of feed 



B. 
G. 



D. 



r 



feed 



The- crftters. couldn't use this type o" 

' >f ■- ' - ) ■ > 

The fe^d. contained growth restrictingj components 

Unfavprabl^ conditii 



ions 



A rerun of ithe test sludge with a known 'adceptable.^ 
feed wil^^assist in detemining if the reduced 
uptake ratd was due to the feed or to the^ sludge 
itself. Ifthe low activity is simply a' fun'ction ♦ 
of a , reduced food con cent ra'tion, thfere .is really 
no problem; If, however the sludge is "sick", there's 
a problem'. j-Effort .should be eixpended to find out* why 
d correct thr situation.* * . , 



an 
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this 
will 
time 



Now assume the load ratio >fich had been hovering 
around 3, rises to 6.5. -Tnrf fed sludge really, 
has an increased oxygen demand. You must pay special 
note to aeration tank dissolved ojo'gen levels in 

type situation. Can the needed air be' supplied- 
the sludge be sufficiently stabilized in the 
available? This situation is calling for an .' 
'increase in the- amount of solic^ returned to the 
aeration*- tank, more critters are needed because 
of all the food that is enterijig the aeration basin. 
Aeration -tank DO may limit just how high solids 
• ocncentrations can be maintained in the aerator.. 
I-f DO levels diss a'ppear,- you must reduce solids. ^ 
Chemical additions may be required to enhance " 
settling rates. Step feeding also will assist 
in decreasing peak oxygen demawls. 

A. load ratio linker this: ' ' • 

L.R. = OJL i . ■ >' * ' • , ' 

- ^ 0.4 ' . ' ' . 

Indicates some13iing in the wastewater feed coOldibe'* 
shocking or poijsomng the critters:;. Try to • . . 
•identify what nright be coming in to' the plant. 1A j 
bare minimum wquld^e to ch~^k the pH to see iff " > 
an extreme .change in pH is beijig, •experienced. 
Plant recycle flows Should be checked for their. > 
"treatability": ' - - ' 



This is the' last ^ample. 
which 'went from: ' .'• 



"Consider a 



load ratid 



\ 



I. R. = 1.2 '= 3 to 
07? 



L. R. = 1.3 = 1.2 ■ 

What is unusual a6out this situation- is the "unfed" 
rate. Notice that the "fed" mixture has not changed- 
that much (1.2 to'1.3), but the unfed has. nearly 
tripled (0.4 to 1.1). This can present problems 
in that it indicates a. need for more solids. in the 
•.aeration tank.' ,Jhere;is still food remaining ii^'the^j. 
sludge. 'It is a '"young" under-oxidized returri*sludge* 
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and Settling rates are pro&eibly slowing down - ' 
^markedly. The problem - .If the sludge won't settle" 
^how can you return more . - More time under aeration 
is probably needed. Coagulants may be required • 
to'°assist in getting the sludge to settle so- it 
can be "moved" bac-k to the aeration tank. Step 
feeding also might allow the sludge to become 
iTiore stabilized. » • . 
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Objectives: ' . ' , 

1- Given trend chart data showing settling curves, concentration curves, 
. sludge blanket, levels,. oxygen uptake, process flows, and effluent 
quality describe process control adjustment indicated. Address 

,(a) Return sludge flow'- • ^ ^ ^ 

(b) Waste sludge flow ' * . ' . 

Discuss t|ie trend charts addressing what each curve is indicating relative 
Ao process^. a - . 



Instrt^ctional Aids: ^ ^ 

1. Student- .data an)dUrend charts < 




Instructional Appraachf: 
1- bi 



I 

Referc/i 

i 



iscussion of "real world" ^data.- Instructor acting as moderator. 
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the relative success of this workshop hinges"" on the 
•final topic* A prerequisite of^the workshop ts ^ 
attendance girthe "IntermedlateTActivated Sludge" 
warkshop, and^trencied data from tlje student's . 
facility* The instructor should ff at all possible, 
collect student trend charts at the close of the 
^ first day of this workshop. Then make transparancies 
from thos^ stucjent treVid charts. These should form 
the basis of discussion for this topic. ' 

Attempt to select data representing various? control 
methodologies i.e. F/M constant mixed liquor, etc. 

The^instructor should spend some time the' evening 
Jbe^re the second day attemptfhg xo "spot" ; ' 
significant trends etc. If pre~regi strati on ^is ^ 
accgmplished, the instructor should consider asking 
for trend 'charts , at the tijne, of pre~regi strati on . 

Encourage those whose data, is bejng displayed to ^ 

share their interpretation and how^ they are or ; 

even are not sble to incorporate the trend charts \ 

into process . control. \ 
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The following materials are appended fr'om which student handouts 
may be duplicateci and trans'parancies produced. • 

Figure I - Conventional Activated Sludge Process Schematic 
^Figure 2 r Step Aeration Process Schemptic- ^ J. ' 

I 4 

Figure 3 - Contact' ^Stabilization Process Schematic ^ 

Figure 4 - Conventional Activated Sludge Schematic • ! 

Figure 5 - Flow Balance r 

Figure 6 - Mass Balance , " * | . 

Figufe**^ 7 - Settled Sludge Volume Trend Chart ' * , • 

Figure 8 - Settled STbdge Concentration Trend Chart ' ; 

Figure 9 - Depth of Sludge Blanket Trend ChaVt ^ 

Fi gure' 10 - Final Effluent Turbidity Trend ^Chart s • :• 

^ . • ■ ♦ . ! . ' 

Figure U -Aeration Tank cbo Load Trend Chart - i - V 

^Figure 12 - Overf Tow R^te. Trend Chart J • , 

Figure 13 - Oxygen Uptal^e Trend Chart ' 

Figure" 14 - WCR Trend Chart 

Student Handout 1 - One jPage 
Studentj^ahdoat Z - One iPage o ' • 

Student Handout 3 - One.l^age^ 
student Handout 4 - One Page - . 
Student llandout 5 - Ojie Page"" ' • 



WASTE 



CLARIFI^R SLHJDGE FLOW 



SLUDGE 
FLOW 



RETURN 
SLUDGE 
FLOW 



AERATION 

TANK INFLUENT* 




1 



DETENTION TIME= 6 - 8 HRS. 
' AERATION TANK 



i 




CLARIFIER'- 
OVERFLOW - 



SECONDARY CLARIFIER 



• FIGURE 1 . \ 
CONVENTIONAL ACTIVATED SLUDGE 
PROCESS SCHEMATll 



0 



' 3 



WASTE 



7- ,. - : 

eiARIFIER SLUDGE- FLOW 



SLUDGE 
FLOW . ^ 



AERATION JANK 



INFLUENT 



RETURN 
SLUDGE 
FLOW 



DETENTldN TIME= 4-6 HRS. 



■ } . 



r 



r 




CLARIFIER 
OVERFCOW . 



\ 



AERATION TANK 



SECQND/\RY 



CLARIFIER 



FIGURE 2 
, STEP-AERATION. (STEP-FEED) 
PROCESS. SCHEMATIC 
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CONVEMIONAL* ACTIVATED SLUDGE 

* 

PROCESS SCHEMATIC 
^ ^ 'Figure 4 




-* / 



Flow in = Flow out. 
' TFL = AFI + RSF - 
TFL.= -CFO + CSF, . 
m CSF = RSF + XSF • 



J 



to 

■ ■ \ 



I 



CFO 
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■ fj^ute 5 . 
Flow Bal&ncei' 



73 



Pounds/dao' = Flow'(mgd) x Cone, (mg/1) x 8.34 
Pounds in = Pounds out, * 

X ■ 

• - ■ Figure 6 . ^ ' 

' MASS BALANCE " 



I 
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STUDENT HANDOUT 1 



Unit Process "BtfneTTs4Qf>s - 

Pri mary / CI ari fi ers* * 

Numb'er . • • 

Dimensions -^(^ach) 22.' dia. X'9' depth 



\ 



. 2 



♦ • 



Prinjary Sludge Pumps 
Number ^ . , 
Capaci ty^j (each) 

Aerationrranks . 

Number 

_ - ^ ' / 

Dimensjons (each) 32-' x 64' x 14- .deep 

Blowers '\ 



Number 
Sjze 



■ 1 . 

Secondary - Clarifiers 
Number 



Dim^sions. (each) 25 dia^ x 9' depth ' . 

. / ■' • ' ■ 

Retur^-S-ludge_PuEps > 
-Numb'ej 



200 GPM 





' 2- 



Capacity (each) 



\ 



'^00 GPM- 
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STUDENT HANDOUT 2 



Plant Data 
Flow 



r 



Raw flow 

Primary sludge floV 
Return sludge flow 
Waste sludge* flow 




6?68 MGD 
0.0jl69 MGD 
0.3140 MGDf 
0.0130* MGD 



BOD 
Raw 

Primary effluent 
Final effluent 



366 mg/l 
302 mg/l 
' 1.4 mg/l 



r 
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Total Suspended Solids: 

Raw , > ^T: . 
.Primarj^ effluent 

Final effluent 

Mixed Liquor 

"PtbTSS ' 

"MLVSS ' 



• 4 




Return ^Ijuq^ge 
RSTSS " 

Primary Sludjfe 
PSTSS 



92. 



460 mg/.l 
137 mg/^ 
C- 14 mg/l 

, 3382 mg/l " 
3138 mg/i 



8399 mg/l 



^157 mg/l 




i 



\ ' STUDENT HAIj|^UT 3 

Given: Two aeration tanks, each I6'wx 32' x 12* 

\ ^ , -^^^^ 

Sewage flow. BOD =' 165 mg/l 

Raw flow = 300,000 gallons per day * 
Selects F/M r^tio (0.1 to 0.5) * 

Say 0.3 ^ ' 

Findjs* Mixed liquor volatile suspended solids concentration required. 
■ 1. MLVSS = . '• 

Finaf effluent quality not acceptable. The appearance of thelpinal clarifie 
Jndicates a higher concentration of soTids' would improve final effluent 
(Quality. ' . - • • - 

Select a revised F/M which wouldresult in a higher concentration of solids 

' : ] V . ■ 

and thisn solve for the new concentration. ' \. ^ « 

Z. MLVSS = . ' 



r 
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STUDENT HANDOUT 5 
0X.Y6EN. UPTAKE WORK SHEET 



Flows: 



Return sludge flow 
Aeration Tanlf, influent = 



UNFED MIXtURE 


TimeCmii^ 


Temp* 






t.= 0 ; 




— — — 














- 1 








2 




\ . 


S 


3 




7 ^ 




4 








5 








6 ' • 








7 








8 








9 








10 V 








11 









A 



Calculate volume of return sludge (RSV) required: 



RSV = 300 X A 
• ■ A. + B 



300 X 



Calcul3te load ratio (L.R.) 

' ' ' , ^ 

. . •• • ' 
L. R. -= Fed-mixture oxygen uptake = 
. . Unfed mixture oxygen uptake 

L^* R» ~ '^^ii* 



FED MIXTURE 


Time (mln) 


T-emp. ^ 


t).0. 


A D.O.'i) 


t = 0 










• f 




) ^ 4 


2 




> 


-"V 


3 




t 

. r ' 




4 . 




-^1; — 




-5 


V 
















1 


















V 




10 - 
— u 


< 
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Submodule^Title: 

- -• \ 



EVALUAT'IOfl 



Objectives: 



• • 1. 



Tlie learner will demonstrate^, that he has achieved/the objectives of .tHe module by ^ 
correctly answering 75% of t|e following questions. , • , -"^ 

^5 C • ' > H 

■J^ Waste Flov 



Flow 
5.0 MGD 



BOD =V " 
335 mg/1 



170' X 57' X 12'. 
MLTSS - 2,500 mg/1 

• t - 



"A 



.170' ^ pi' X 12' 
2,500 mg/1 



75.,000 GP^D 



Return = 2'.5 MGD 



Returh sludge = t,2(X) mg/1 



170' X 57' X 12' 
2,500 mg/1 




170 -.x 57' X 12-' •■ 
• •, 2,500 mg/1 ^ 




Calculate: " • « - ' ' 
•A. ;;Aeratibn tank' detention -time at<^flow aTcy;ie 



B. Aeration tanlc detention \,ti.me at flow plus return, 



C'. BOD loading, lbs. BOD per 1000 cubic feet of iteration Hank.' 

D. " .F/M . ' . ' . ' 

E. '.CVari^fier: Overflow.- Rate. . . * • 
'F.;. Sludge Age. 



ERIC 




Four trend charts follow. 



A. Figure A is a plot of sec5ndary clarifier surface overflow rate. ■ 

• What is the probable -cause of the. peaks in Sections I, rl, and IV. . 

~i ■ — ^ — — 

B. Does. the depth, of sludge blanket curve, Figure B, shov< the ideritiqal 
response to the increased OFR infections I and IV of-.Figures A* and 
B? ■ If no, what is the difference? - ^ 



The settling, characteristics were relatively p'oof , espeqialiy tn= . 
Sections I and II of Figure "C. No sludge was -wasted during that 
period, Figure D.'-'What is a possible explanatiqn for zero sludge 
wasting- during' that period? - ' '^V'^f'v 



D. Comparinjg Figure C and .D, Seci^on IV, describe your interpretation' 
of settling characteristics as^><funct'ion tf wastincf g'ludge. 






'12000 



11000 



-^5 10000 ^ 



9000 



8000 



^' 7000 



6000, 



5000 



a 



4000 



to 



3000 



. 2000 



1000 



> 



1. 



3 ^o 

MAR 



O 



100 



TO 



"8000 



7000 - 



6000 



5000 



4000 



Z3 ^ 

<yi 3p00* 



2000 



1000 1- 
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4. ArNo^ygen uptake analysis is ryn with the following data recorded 

D.O. ■ . 



Time (minutes) 


D.O. 


1 


0 


. 8.6 




m t 


6.4' 






.'5.1 




3 


4.6 ■ 






4.0 . 




. '5 


... 3.4 . 




■ 6 ' ' 


2:8 • ■ 




■ 7. ; 







) 



Complete the dala sheet and show tlie o)o^gen uptake rate/ 
(Show the units). 

A second uptak^ analysis is. run with the' foil owing data re^corded:' 
iTime (minutes) 



1 
1 
3 



D.O. 
8.7 
6.5 
5'. 4 
, 4.7 
.4.1 
3. a 



D.O. 



"ills 



Complete this data sheet and. -show the oxygen uptake rate. 
(Show the units) • • . - ; • ' - 



^ An aeration tank h-as a volume \of- 214, 000 ga>lons. Mixed liquor 'fotal 
suspended solids c6ncentration is 1,800 m^/1. The waste flbw has" been »/ 
averaging aiO,.000 gallons per day,^ An increase in flow is anticipated 
from a new interceptor. The flow should increase to 400,000 gallons - 
per day;^ BOD 4s, expected to, remain' at *26o mg/] . ' The operator wants, to 
control to- a constant F/M ratio, "maintaitning the ratio that existed 
Nfore the. flow increase. What wilj be the newr^ontentratioh of;inixed 
liquor the facilfty will want?, A. / ' ■ , 

jWhat is the F/M ratio at which the facility is being corvtrolled? V ^ 



What*is the primary process' control vaViabT^ used ia const^q^t mixed 
liquor solids level control? ; ' ' . . ' - * ^ » 

A waste treatmerrt factlityjb^s a wide variafion in the BOD load coming- 
into the^plant. Is constant MLVSS a good control methodology for -this 
f^icilityZ; _^k^^ ^ ' ^ ^ . . 

■= : - ' - 

A waste treatment facility recently purchased a"' total organic carbon 
tTOC) analyzer. ;VJh9t control methodology.ar;e- they probably 'going to 

at least attempt .to incprporate? ' ' - 

■ » ' \ ' ' ' * ♦ • • - , - ' ^ 

List two djsadv3ntages^."tp control to a, constant F/M ratio. ^ . ' '^ . 



Li^st a problem relativjB^ to control to, a constant sludfe' age. 



N\n activated sludge AciTity is -utilizing return sludge flew demand 
methodology. Binal .^a'trifier;* surface overflow rates are in tl^e range 



of 400 to 500" gal iDos per square foot per dgy.^ With qo additioi^al 
information, would the "facility"^ probably be contralling to a 30 ^ni 
demand. time or a 9Q minute. demand time? . ^ 

•Givenr/ RSC = 18.9% . 

ATC = 5» 1% ■ ' ■ " 

' ^^^ ssc^go » 14. -5% . 

-RSF = 0.4 MGD * *• . 
Control to a 90 mi nutd/- demand , 

-RSFD = RSF (RSfV ATC)/(SSC 90 - ATC)' 

'. ' • ■ .108. . ' 
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To What level should the" return sludge flow be' adjusted? 



14. Describe the control tes-ting and operational control me^odolbgy use\ 



at-~your facility 
4 



t ' 



\ 
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1. 



ERIC 



A. 16-7 hours 
b: 11.1 hours ■ ; • 

C. 30 lbs. per 1000 cubic ft.^t 

D. o.-ig 

f. '566 GPS FPD 
. • F. 16 days 

(Lbs. under aeration/lbs /wasted per day) 
2.' A, pConventional (or extended aeration) ^ 
, Step aeration (step-feed) 
, C. Contact 'stabilization - ' . ^ 
'vS. * A.' -Rainfall ^ 

B. No ^ - \ ' ' ^ ^ ' ^ 

Sectional blanket went down, in Section IV - 
■ blanket came up with the inflireased flow. 

"C. Operator thought ''aging", the sludge should 
' incrMs« its settling characteristic. ' 
Unfortunately it didn't-a^ear to help7in;this 
situation. ' 

\ - ' * . '% ' ■ ■ 

D. Si^ould be some comment addressing t"he>high. 
♦ ' waste rate, and the increased settling rate 
» . ■ ^. whi.ch resulted fn that period. 



4. 0 
1* 

i 

•3 



'4" 



8.6^ 

4.6 
.4.0 



5 * -3.4 



.'i^ XXX 

2.2 
.1.3 
0.5 
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Instructor Outline: 



6 
7 



2-5 



0.6 



Uptake^^' 0.6 gpm per minute 



0- 


r " 8:7^ 


XXX 


h 


6.5 


2.2 


•1 


5.4 


1- .1.1 


W 


4.7 


0.7 


1 . 


4.1 


0.6 


■i% 


- 3.5 , 




3 ' 


: . '^2.9 


0.6 



/ 



Uptake =1.2 ppm per mfnute 
A. 232.2 mg/l . 



v 



r 
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• > B. 0.1^ . • 

7. Waste sludge flow ^ ' * ^ 

^9/ Constant F/M, ratio control 

10. ' Difficulty in obta^ining a timely value for F 
^ (food 6r load). MLVSS not necessarily a true 
measure of M. Inability to make instantaneous 
changes in aeration tank solids concentrations. 



11. What equation 'should be used. .What value of 
sludge age should be selected. " - 



12. 90 minute demand time. 



13. RSFD = 0.5^GD, however/ the return flow should 
be changed generally a maximum 'of 25>S. "Set 
•^RSF at^.5 ms. 

Mo sat answer. Xheck* individually and o.ffer - 
' coirment in^response. 

111 . ' . ■ • ■ 



